The family Chitinophagaceae was first described by K€ ampfer et al. [1] with the type genus Chitinophaga [2] and is assigned to the phylum Bacteroidetes. At the time of writing, the family includes 27 genera (www.bacterio. net/-classifphyla.html#chitinophagaceae). Members of the family Chitinophagaceae have been reported to be widely distributed in soil and water and most of the species have been isolated from soil, such as Euphrates popular soil, forest soil, ginseng field soil, rhizosphere soil, greenhouse soil and farmland soil, as well as sediment of eutrophic lakes, freshwater and seawater [3, 4] . The major respiratory quinone is MK-7 and the major polar lipid is phosphatidylethanolamine. The major fatty acids of the family Chitinophagaceae are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 17 : 0 [1] . Strains J107-1 T and J107-2 were isolated during a study of bacterial diversity in farmland soil. Data from a polyphasic taxonomic study indicated that strains J107-1 T and J107-2 represented a novel species of a new genus within the family Chitinophagaceae.
Strains were isolated from farmland soil at Suwon, Republic of Korea (37 16¢ 38¢¢ N and 126 59¢ 47¢¢ E) and subjected to polyphasic taxonomic characterization. Isolation and culture were done in R2A broth at 7.0 pH. Isolation and preservation of strains were done as described previously [5] .
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On: Fri, 28 Dec 2018 01: 35:16 16S rRNA sequences of the closest members were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL X 2.1 [8] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [9] . Phylogenetic trees were reconstructed using MEGA version 6.0 [10] by different treeing methods: neighbour-joining [11] , maximum-likelihood [12] and maximum-parsimony [13] algorithms. During phylogenetic tree reconstruction, evolutionary distances were calculated using the Kimura two-parameter model [14] and bootstrap values were calculated based on 1000 replications [15] . Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that strains J107-1 T and J107-2 belonged to the family Chitinophagaceae. The analysis revealed that strain J107-1 T was most closely related to Ferruginibacter paludis HME8881 T (89.71 % sequence similarity), Ferruginibacter yonginensis HME8442 T , Niastella yeongjuensis GR20-13 T The morphologies of cells ( Fig. S1 , available in the online version of this article) grown on R2A agar for 4 days at 28 C were seen by light microscopy (BX50 microscope; Olympus) and transmission electron microscopy (Bio-TEM, Hitachi, H-7650). Colony morphology was observed on R2A agar plates after incubation at 28 C for 4 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was observed in R2A medium containing 0.4 % agar. Gramstaining was performed according to the procedure described by Doetsch [16] . Oxidase activity was tested using 1 % (w/v) tetra-methyl-p-phenylenediamine dihydrochloride and catalase activity was tested using 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Flexirubin-type pigment was examined with 20 % (w/v) KOH solution [17] . Growth was assessed on various media, including R2A agar (MB cell; KisanBio), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar (Difco), brain heart infusion agar (BHI; Bacto), veal infusion agar (Difco) and Luria-Bertani agar (LBA; Oxoid).
Growth at various temperatures, 4-45 C (4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 40, 41, 42 and 45 C) , was determined on R2A for 7 days. The pH range for growth was determined at 28 C in R2A broth adjusted to pH 4-12 (increments of 0.5 pH units) using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6.0-7.5), Tris buffer (for pH 8-10) [18] and 5 M NaOH (for pH 10.5-12.0). Growth in NaCl was determined in R2A broth supplemented with NaCl (0-5 %, w/v, at 0.5 % intervals). Hydrolysis of Tween 80, Tween 60 and Tween 40 were assessed according to the method of Smibert and Krieg [19] . Anaerobic growth was tested on R2A agar at 28 C for 10 days using the BD Gas-Pak EZ Gas Generating Pouch System. Hydrolysis of chitin, CM-cellulose, hypoxanthine, xanthine, tyrosine, starch and casein were evaluated as previously described [20, 21] . Production of hydrogen sulphide and indole was assessed using sulphide indole motility medium (SIM; Oxoid). A DNase assay was performed with DNase agar (Oxoid). The methyl red and Voges-Proskauer (MR-VP) test was conducted with MR-VP broth [22] . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were performed using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. Strains J107-1 T and J107-2 did not assimilate any of the available substrates for API 20NE and API ID 32GN (for 10 days of incubation). Phenotypic differential features of strains J107-1 T and J107-2 with other reference strains and related genera are presented in Tables 1  and 2 .
For the fatty acid analysis, cellular biomass of late log phase was harvested from strains J107-1 T , J107-2 and all references grown on R2A at 28 C. Cellular biomass was saponified, methylated and fatty acids were extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [23] . The major cellular fatty acids were iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 17 : 0 ( Table 3 ).
The polar lipids and quinone were extracted according to the procedures described by Minnikin et al. [24] from freeze-dried cells. Quinone was extracted with methanolwater (10 : 1 v/v; water containing 0.3 % sodium chloride) and petroleum ether at 80 C, evaporated under a vacuum, re-extracted with acetone, and analysed by high-performance liquid chromatography [24, 25] . Appropriate detection reagents for two-dimensional thin-layer chromatography [24, 26] were used to identify the spots; molybdophosphoric acid (phosphomolybdic acid reagent, 5 % v/ v solution in ethanol; Sigma-Aldrich) was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids and anaphthol-sulphuric acid was used to detect glycolipids [5] . 
Niastella populi THYL-44 T (EU877262)
Niastella gongjuensis 5GH22-11 T (KM007102)
Niastella vici DJ57 T (KT388748)
Niastella koreensis GR20-10 T (CP003178)
Flavisolibacter tropicus LCS9 T (KJ461518)
Flavisolibacter ginsengisoli Gsoil 643 T (AB267477)
Flavisolibacter ginsengiterrae Gsoil 492 T (AB267476)
Flavisolibacter ginsenosidimutans Gsoil 636 T (GQ339897)
Flavisolibacter rigui 02SUJ3 T (HQ436499)
Ferruginibacter yonginensis HME8442 T (KC690144)

Ferruginibacter paludis HME8881 T (KC690141)
Ferruginibacter alkalilentus HU1-GD23 T (FJ177530)
Ferruginibacter lapsinanis HU1-HG42 T (FJ177532)
Lacibacter nakdongensis SS2-56 T (KU341406)
Lacibacter cauensis NJ-8 T (EU521690)
Lacibacter daechungensis H32-4 T (KC759435) The predominant respiratory quinone was MK-7 with a trace amount of MK-6. The major polar lipids of strain J107-1 T were phosphatidylethanolamine (PE), an unidentified aminolipid (AL1) and an unidentified polar lipid (L5). In addition, an unidentified aminolipid (AL2), two unidentified aminophospholipids (APL1-APL2), three unidentified phospholipids (PL1-PL3) and eight unidentified polar lipids (L1-L4; L6-L9), were also detected in moderate amounts. No glycolipids were detected (Fig. S2) . The same spots and position of polar lipids were detected for strain J107-2 (data not shown).
For DNA-DNA hybridization and DNA G+C mol%, genomic DNAs of strains were extracted according to the method presented by Wilson [27] . DNA G+C content was determined according to the procedure described by Mesbah et al. [28] . The G+C content of strains J107-1 T and J107-2 were 47.8 and 48.0 mol%, respectively. DNA-DNA hybridization was measured fluorometrically according to the method developed by Ezaki et al. [29] , using photobiotin-labelled DNA probes and micro-dilution plates. DNA-DNA relatedness between strain J107-1 T and J107-2 was found to be 91.2±2.8 % representing a single novel species [30] . All assays were carried out in triplicate.
Ability of strains J107-1 T and J107-2 to grow at pH 9.0 and temperature at 42 C in addition to other differences in physiological characteristics clearly allow distinguishing them from related species ( Table 1 ). The major cellular fatty acids of type strain J107-1 T were iso-C 15 : 0 (33.8 %), iso-C 15 : 1 G (28.7 %), iso-C 17 : 0 3-OH (15.6 %) and iso-C 17 : 0 (8.8 %). Absence of minor fatty acids anteiso-C 15 : 1 A, [3] . All data are from the present study except those indicated in the parentheses. Data in parentheses were retrieved from the literature. +, Positive; À, negative; W, weakly positive; ND, no data available. Hydrolysis of: ( Table 3 ). The predominant respiratory quinone was MK-7, in agreement with that reported in other members of the family Chitinophagaceae. The major polar lipid of strains J107-1 T and J107-2 was PE. In addition, the presence of eight unidentified polar lipids (L1-L4; L6-L9), two unidentified aminophospholipids (APL1-APL2), three unidentified phospholipids (PL1-PL3), an unidentified aminolipid (AL2) in addition to a major unidentified polar lipid (L5) and an unidentified aminolipid (AL1), and their chromatogram position differentiated strain J107-1 T from its closest reference strains (Fig. S2 ) [31] [32] [33] [34] . In addition, the highest 16S rRNA gene sequence similarity of strain J107-1 T to the closest species Ferruginibacter paludis HME8881 T is 89.71 %, which is high enough for separation at genus level [35] . Moreover, differential characteristic features of different genera in the family Chitinophagaceae also support strains J107-1 T and J107-2 as separate a genus (Table 2 ). Furthermore, phylogenetic trees including those reconstructed by neighbour-joining ( Fig. 1) , maximum-likelihood ( Fig. S3 ) and maximum-parsimony ( Fig. S4 ) algorithms, formed a separate lineage to the members of the family Chitinophagaceae with 100 % bootstrap support to J107-1 T and J107-2, which clearly indicates that they are new members in the family at genus level.
Based on the results presented in this study, it is proposed that strains J107-1 T and J107-2 represent a novel species in a new genus, Rurimicrobium arvi gen. nov., sp. nov.
DESCRIPTION OF RURIMICROBIUM GEN. NOV.
Rurimicrobium (Ru.ri.mi.cro¢bi.um. L. n. rus, -uris, farm land; N.L. n. microbium, microbe; N.L. neut. n. Rurimicrobium, microbe from farmland).
Cells are aerobic, Gram-stain-negative, non-motile, nonspore-forming, coccoid rods. Colonies are circular, elevated, entire, opaque and smooth. Catalase-and oxidase-positive. Flexirubin pigments are not produced. Nitrate is not reduced. The major respiratory quinone is MK-7 in addition to minor amount of MK-6. Major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3 OH and iso-C 17 : 0 . The major polar lipids are phosphatidylethanolamine, an unidentified aminolipid and an unidentified polar lipid (Fig. S2) .
The G+C content of the genomic DNA of known strains ranges from 47.8 to 48.0 mol%. The type species is Rurimicrobium arvi.
DESCRIPTION OF RURIMICROBIUM ARVI SP. NOV.
Rurimicrobium arvi (ar¢vi. L. gen. n. arvi, from farmland).
Cells appear as coccoid rod-shaped that are Gram-stainnegative, non-motile, non-spore-forming, and aerobic. They grow well on R2A, minor growth on TSA, NA and veal infusion while no growth is observed on MA, MCA, LBA, BHI and PDA. Colonies on R2A are yellow-pigmented, circular, elevated, entire, opaque and smooth. Cells are 0.50-0.65 µm long and 0.40-0.55 µm wide. After incubation on R2A agar for 4 days at 28 C, the size of the colonies is 1-2 mm in diameter. Cells grow at 15-42 C (optimum, 20-37 C) and pH 5.5-9.0 (optimum pH, 7.0-8.5). Cells grow optimally in the absence of NaCl, but tolerate up to 0.5 % NaCl. Hydrogen sulphide is not produced from culture in SIM medium. Negative for urease activity. Glucose is not fermented. Aesculin ferric citrate and gelatin are not liquefied. Indole and MR-VP tests are negative. Casein and tyrosine are hydrolysed but not Tween 40, Tween 60, Tween 80, starch, CMcellulose, chitin, xanthine and hypoxanthine. DNase assays using DNase test agar are negative. Nitrate is not reduced. The type strain shows the following enzyme activities: positive for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase; weak for esterase (C4) and cystine arylamidase; and negative for lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. The major cellular fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 17 : 0 . The predominant respiratory quinone is MK-7. The major polar lipids of strain J107-1 T are phosphatidylethanolamine, an unidentified aminolipid and an unidentified polar lipid.
The type strain of Rurimicrobium arvi is J107-1 T (=KEMB 9005-549 T =KACC 19167 T =JCM 31921 T ), which was isolated from farmland soil in Suwon, Gyeonggi-Do, Republic of Korea. One additional strain is J107-2. The DNA G+C content of the type strain is 47.8 mol%.
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